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A comparative  slaughter  trial  was  conducted  with  48  Morada  Nova  lambs  to  assess  the
net energy  and  protein  requirements  for growth  and  maintenance.  The  animals  were
non-castrated  and  2 months  of  age,  with  initial  body  weights  averaging  12.05  ± 1.81 kg
(BW).  Eight  animals  were  slaughtered  at the  beginning  of the  trial  as  a  reference  group,  in
order  to estimate  initial  empty  body  weight  (EBW)  and  body  composition.  The  remaining
animals  were  assigned  to  a randomized  block  design  with  eight  replications  per  block
and ﬁve  diets  with  increasing  metabolizable  energy  contents  (0.96,  1.28,  1.72,  2.18  and
2.62  Mcal/kg  of  dray  matter  (DM)).  The  heat  production  (HP)  logarithm  was  regressed
against  metabolizable  energy  intake  (MEI)  and  the  net  energy  requirements  for  main-
tenance  (kcal/kg  EBW0.75/day)  were  estimated  by  extrapolation,  when  MEI  was  set at
zero.  The  daily  N excretion  was  estimated  by  extrapolating  regression  equations  of N
intake  (g/kg  BW0.75/day)  as  a function  of  retention  (g/kg  BW0.75/day)  for  zero  intake.
Regression  equations  for the  logarithm  of  body  fat,  body  energy  and  protein  were  ﬁt-
ted on  the  EBW  logarithm.  The  derivatives  of  these  equations  allowed  the  estimation
of  the  fat  content  of  the  empty  body  weight  gain  (EBWG)  and  the  net energy  require-
ment  for  EBWG.  The  net  energy  requirement  for maintenance  (NEm)  obtained  was
52.36  ±  1.34  kcal/kg  EBW0.75/day.  The  energy  and  fat contents  of  the  EBW  of  the  animals
increased  from  1.64 Mcal/kg  and  79.38  g/kg,  to 2.11  Mcal/kg  and  123.73  g/kg  of  EBW,  respec-
tively, as  the BW  increased  from  15  to 30 kg.  The  net  energy  requirements  for  EBWG
increased  from  2.15 to 2.78  Mcal/kg  EBWG  for body  weights  of  15  and  30  kg.  Daily  nitrogen
excretion  was  293.17  ± 0.07  mg/kg  BW0.75/day and  the  net  protein  requirement  for  mainte-
nance  (NPm)  was  1.83 g/kg  BW0.75/day.  Protein  content  of  the  EBW  of  the  animals  increased
from 161.67  to 175.28  g/kg of EBW  when  the BW  of the  animals  increased  from  15  to 30 kg.
The  amount  of  protein  deposited  during  the  gain  increased  from  177.84  to  192.93  g/kg of
EBWG with  the  increase  in  body  weight  of  the  animals  from  15  to 30 kg.  The  net  energy
and  protein  requirements  for maintenance  and  gain  in Morada  Nova  lambs  is  lower  than
values  commonly  recommended  by the  main  evaluation  systems  for feed  and  nutritional
requirements  for lambs.
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The establishment of small ruminant production is
essential for human survival in semiarid regions where the
minant RM.R.G.F. Costa et al. / Small Ru
climate is inhospitable. Breeds adapted to these edapho-
climatic conditions may  improve the proﬁtability of local
livestock farming. An example is the Morada Nova, an
important native breed of hair sheep in northeastern Brazil,
used for meat and skin production, and highly valued on the
international market (Fernandes et al., 2001; Souza et al.,
2011). Morada Nova sheep are smaller, mature at an earlier
age, have lower mortality rates and lighter carcass weights,
but are usually older at slaughter, compared to Santa Ines
sheep. Little information is available on the Morada Nova
breed, and those studies available are based on crossbreed-
ing for meat production (McManus et al., 2010). According
to Souza et al. (2011), this and other local breeds are now
threatened with extinction. The use of genetic resources in
production systems will allow the preservation and expan-
sion of the remaining ﬂocks. Furthermore, these breeds
may  be important gene sources for animal breeding pro-
grams in a near future.
As a result, studies evaluating the performance and
nutritional requirements of animals adapted to local con-
ditions, from an economic perspective, are essential to
the protection and, above all, use of this genetic resource
to beneﬁt society (Souza et al., 2011). Some studies have
shown that climatic variations can cause changes in body
composition, inﬂuencing the animal’s nutritional require-
ments (Huntington and Archibeque, 1999). In areas where
the daily maximum temperature leads to heat stress,
special care must be taken to give animals diets appro-
priate to these conditions (Silva et al., 2003). The nutrient
requirements recommended by the NRC (2007) are widely
adopted to formulate diets around the world. However,
these nutrient requirement equations were based on wool
sheep, and must be adjusted to ﬁt the maintenance require-
ments for net energy (NE) for hair sheep breeds.
The animal’s body composition is an important fac-
tor when determining nutritional requirements, since the
body is basically composed of water, protein, fat and miner-
als, in proportions that vary according to breed, age, growth
speed, gender and nutrition, among others. Thus, this study
was carried out with the objective of determining the body
composition and net energy and protein requirements for
maintenance and weight gain in Morada Nova lambs fed
with diets of different metabolizable energy levels.
2. Materials and methods
2.1. Experimental site
This trial was conducted at the Department of Animal Science, Federal
University of Ceara, in Fortaleza, state of Ceara (CE), Brazil, from February
to  June 2010. Humane animal care and handling procedures were fol-
lowed, according to the animal care committee (CEUA, Comissão de Ética
no  Uso de Animais da Universidade Estadual de Londrina, PR).
2.2. Animals, housing and experimental diets
The 48 Morada Nova lambs used were non-castrated males, about 2
months of age, with an average initial body weight (BW) of 12.05 ± 1.81 kg.
The animals were identiﬁed, dewormed and placed in individual stalls
with feeding troughs to supply the diets and water. After a 10-day adap-
tation period, eight animals were randomly selected and slaughtered, to
serve as a reference for the empty body weight (EBW) estimates and initial
body composition.
The remaining lambs (n = 40) were randomly allocated to ﬁve
treatments (8 animals/treatment) that consisted of increasing levelsesearch 114 (2013) 206– 213 207
of metabolizable energy (0.96, 1.28, 1.72, 2.18 and 2.62 Mcal/kg DM)
obtained from different roughage:concentrate ratios (95:5, 80:20, 60:40,
40:60 and 20:80).
The experimental diets were formulated according to the NRC (2007).
Animals were fed on the diets as total mixed rations (TMR) twice daily (at
8  a.m. and 4 p.m.) ad libitum, allowing for up to 10% orts. Every day before
feeding, the diet orts of each animal were removed and weighed for daily
control. Daily dry matter intake (DMI) was determined by the difference
between the weight of diet offered and the orts. Diets were composed of
Tifton 85 hay (as roughage) and concentrates based on corn grain, soybean
meal, urea, limestone, dicalcium phosphate, sodium chloride and mineral
premix (Table 1).
2.3. Diet digestibility determination and prediction of diet ME
Digestibility trials were conducted in eight times throughout the
experiment to determine the ME of the diet. Indigestible neutral detergent
ﬁber (iNDF) was  used as a marker to estimate fecal dry matter excretion,
as  described by Casali et al. (2008). Feces were collected for three consec-
utive days every 15 days during the experimental period, at 8 a.m. on the
ﬁrst day, at noon on the second day, and at 4 p.m. on the third day.
The  amount of iNDF in the fecal samples, orts, concentrates and
Tifton 85 hay were obtained through waste in situ incubations over a
period of 240 h in the rumen of a cow receiving a diet of Tifton 85
hay  and concentrates based on corn grain, soybean meal, urea, lime-
stone, dicalcium phosphate, sodium chloride and mineral premix. The
roughage:concentrate ratios were 60:40. Incubation was  used for nylon
bags with porosity of 50 m and a ratio of 15 mg per cm2 of sample
bag,  totaling three samples per g of bags, according to the methodology
described by McDonald and Orskov (1979). After this period, the bags with
the  incubation residues were washed in water until it became totally clear.
Subsequently, they were boiled for 1 h in a neutral detergent solution (Van
Soest and Robertson, 1985). The remains were weighed and considered
to  be the iNDF (Casali et al., 2008).
The dietary digestible energy (DE) was estimated to be 4.409 Mcal/kg
of  TDN (Total digestible nutrients, according to Weiss, 1999), and DE was
converted to metabolizable energy (ME) using an efﬁciency of 82% (NRC,
2000).
2.4. Chemical analysis
Forage, concentrate, TMR  and refuse samples were dried in a forced
air  oven at 55 ◦C for 72 h, then ground in a knife mill with a 1 mm screen
(Wiley mill, Arthur H. Thomas, Philadelphia, PA, USA). The samples were
analyzed for contents of dry matter (DM; AOAC, 1990; method number
930.15), ash (AOAC, 1990; method number 924.05), crude protein (CP;
AOAC, 1990; method number 984.13), ether extract (EE; AOAC, 1990;
method number 920.39), acid detergent ﬁber (ADF; AOAC, 1990; method
number 973.18), neutral detergent ﬁber (NDF; Van Soest et al., 1991) and
ﬁbrous carbohydrates (FC; Sniffen et al., 1992).
2.5. Performance and slaughter procedures
Animals were weighed weekly to calculate average daily gain (ADG).
When the BW mean for a particular dietary treatment reached 25 kg, the
animals were slaughtered. One animal from the group with the lowest
dietary energy concentration (0.96 Mcal/kg DM of ME)  was also slaugh-
tered at this time. This procedure was  carried out for each group until
all  the animals were slaughtered. Before slaughter, shrunk body weight
(SBW) was measured as the BW after 18 h of food and water fasting. At
slaughter, lambs were stunned using a cash knocker and killed by exsan-
guination from jugular vein by using conventional procedures.
Blood was weighed and sampled. The gastrointestinal tract was
weighed full, then emptied, washed out and, after draining, weighed
again together with the organs and other body parts (carcass, head, skin,
blood, full paw and tail). The body was separated into individual com-
ponents, which were weighed separately. These included the internal
organs (liver, heart, bladder, kidneys, reproductive tract and spleen, being
combined lung + trachea and tongue + esophagus), the cleaned digestive
tract (rumen, reticulum, omasum, abomasum, and the small and large
intestines) and fats (omental, perirenal, mesenteric and heart fats). Empty
body weight (EBW) was computed as SBW at slaughter minus digestive
tract contents. All carcasses were weighed hot (approximately 1 h after
collection) and then cooled (−4 ◦C) for approximately 24 h. After 24 h of
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Table 1
Composition of the experimental diets.
Level of metabolizable energy (Mcal/kg DM)
0.96 1.28 1.72 2.18 2.62
Ingredient
Tifton hay 95 80 60 40 20
Concentrate 5 20 40 60 80
Corn  meala 626.3 158.7 694.5 724.6 756.1
Soybean meala 326.2 806.5 285.3 248.8 225.9
Ureaa 37.7 30.0 12.5 11.2 5.1
Limestonea – – – 5.4 6.6
Dicalcium phosphatea – – – – 0.7
Sodium  chloridea 8.6 4.0 7.0 9.3 5.0
Mineral premixa,b 1.2 0.8 0.7 0.7 0.6
Chemical components
DM (g/kg) 954.3 955.4 953.9 956.4 951.2
Ash  (g/kg DM)  38.0 78.5 64.8 55.2 51.2
CP  (g/kg DM)  89.9 168.2 159.1 164.4 166.9
EE  (g/kg DM) 24.9 26.7 27.9 22.4 27.6
NDF  (g/kg DM)  722.5 629.6 509.6 386.0 267.4
ADF  (g/kg DM) 429.6 372.8 285.9 208.0 127.2
FC  (g/kg DM)  671.1 581.0 465.1 337.7 223.5
TDNc (g/kg DM)  280.1 344.6 453.9 593.9 723.6
TDN:CP 3.12 2.04 2.85 3.61 4.33
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b Composition: Ca 7.5%; P 3%; Fe 16.500 ppm; Mn 9.750 ppm; Zn 35.00
c Total digestible nutrients.
ooling, the chilled carcasses were weighed again and then longitudinally
alved with a band saw.
The organs, full paw, head and the right half of the carcass were ground
eparately in an industrial meat grinder. The combined mass of the ground
rgans, blood, full paw, head and right half of the carcass and skin was
omogenized, sampled and placed in a forced ventilation oven at 55 ◦C
or  72 h. After this procedure, the samples were defatted by extraction
ith ether in a Soxhlet apparatus (AOAC, 1990; method number 920.39).
fter extraction, the samples were ground in a ball mill and stored in
losed containers. The dry matter contents were determined by placing
amples in an oven at 105 ◦C until constant weight was reached. The ash
nd crude protein levels were determined on fat-free samples, following
he method described above for experimental diet ingredients.
.6. Calculation of body composition and net requirements of energy
nd protein
The procedures used to calculate energy retained and maintenance
nergy requirement were similar to those of Lofgreen and Garrett (1968).
he body fat (BCF) and protein (BCP) contents were determined according
o  their percentage in empty body. The body corporal energy (BCE) was
btained according to the equation (ARC, 1980) [Eq. (1)]:
CE (Mcal) = 5.6405 (BCP, kg) + 9.3929 (BCF, kg) (1)
he net energy requirement for gain (NEg) for empty body weight gain
EBWG) was  calculated using the methodology described by ARC (1980),
here we  obtained an ordinary least square linear regression between
he logarithm of body fat (g), protein (g) and energy content (Mcal) versus
he logarithm of empty body weight (kg) (Eq. (2)).
 = a + bX + log EBW, (2)
hen, we  derived Eq. (2) to obtain an equation of the type (Eq. (3)), accord-
ng to Regadas Filho et al. (2013):
′ = b × 10a × EBW(b−1), (3)
here Y′ = net energy (Mcal/kg EBW gain) or protein (g/kg EBW gain)
equirement (Mcal/kg EBW gain) or fat content (g/kg EBW gain);
BW = empty body weight (kg); a = intercept; b = regression coefﬁcient.Daily energy and protein retention were calculated as the difference
etween the total ﬁnal energy or protein contained in the empty body
inus the initial total energy or protein, estimated from the initial compo-
ition of the reference animals, divided by the number of days the animals
pent in the experiment. 1000 ppm; Se 225 ppm; Co 1000 ppm.
Heat production (HP; kcal/kg0.75 of EBW/day) was calculated as the
difference between ME  intake (MEI; kcal/kg0.75 of EBW/day) and retained
energy (RE; kcal/kg0.75 of EBW/day). The antilog of the intercept of the
linear regression between the log of HP and MEI  was used to estimate the
maintenance requirements for NE (NEm; kcal/kg0.75 of EBW/day; Lofgreen
and Garrett, 1968). To convert EBW net energy requirements into BW
net energy requirements, adjustments were made in the linear regression
equations between the EBWG and the BWG, and also between the EBW
and BW of all the experimental animals.
Daily nitrogen retention (g N/kg BW0.75/day) was calculated as the dif-
ference between the ﬁnal nitrogen content in the body minus the initial
nitrogen content estimated from the reference animals, divided by the
number of experimental days Regadas Filho et al. (2011). After the quan-
tiﬁcation of daily nitrogen intake (g N/kg BW0.75/day), the maintenance
requirement of net protein (NPm) was calculated as 6.25 times the neg-
ative intercept of the linear regression of the retained N, calculated from
tissue deposition (g/kg0.75 EBW/day) of N intake (g/kg0.75 EBW/day). To
convert EBW net protein requirements to BW net protein requirements,
adjustments were made in the linear regression equations between EBWG
and BWG, and also between EBW and BW of all the experimental animals.
2.7. Statistical analyses
The experimental design was  a randomized block (initial body
weight) with ﬁve treatments, according to the mathematical model
Yij =  + ˛i + ˇj + eij,  where: Yij = value observed in the plot that received
treatment i in block j;  = general average of the population; ˛i = effect
of  treatment i = 1, 2, 3, 4, 5; ˇi = effect of the block j = 1, 2, 3, 4, 5, 6, 7, 8;
eij = random error.
The statistical analyses were performed using PROC GLM SAS version
9.0 (SAS, 2003). Analysis of variance was  carried out and an orthogonal
partition of the sum of the square of treatments into linear and quadratic
degree effects were also obtained. The regression equation was adjusted
when 0.05 signiﬁcance was  observed, using PROC REG of SAS version 9.0
(SAS, 2003).
3. ResultsThe ADG and the EBWG (g/day) increased linearly with
increases in the metabolizable energy concentration in
the diet: ADG (g/day) = 62.491ME − 21.381 (r2 = 0.889;
M.R.G.F. Costa et al. / Small Ruminant Research 114 (2013) 206– 213 209
Table 2
Intake and nutrient retention of Morada Nova lambs fed with different levels of metabolizable energy.
Reference group ME  level in diet (Mcal/kg DM)  SEMl P-value
0.96 1.28 1.72 2.18 2.62 L Q
Days to slaughter – – 175 146 109 98 – – –
Initial  body weight (kg) 13.1 12.0 11.3 11.6 12.7 12.6 – – –
Final  body weight (kg) 13.1 14.1 25.5 25.4 25.2 25.9 – – –
SBWa 11.8 9.7 19.0 19.6 20.7 21.2 – – –
EBWb 9.2 12.9 22.8 23.3 23.6 24.7 3.15 <0.001 0.002
ADGc – 16.6 78.3 95.0 112.2 136.0 5.04 <0.0001 0.5904
EBWGd – 8.0 55.5 77.4 104.9 129.9 0.75 <0.0001 0.4323
DMIe – 50.1 51.6 59.0 75.9 68.9 1.41 <0.001 0.351
MEIf – 126.9 132.7 130.6 222.1 239.1 0.73 <0.001 <0.001
HPg – 119.9 124.0 120.7 180.1 190.6 1.45 <0.001 <0.001
ERh – 3.3 17.4 25.0 33.8 39.6 2.68 0.074 0.186
NIi – 1.5 2.9 3.3 3.9 3.2 2.49 0.090 0.038
NRj – 0.1 0.4 0.6 0.7 0.7 3.03 0.016 0.057
a SBW = shrunk body weight (kg).
b EBW = empty body weight (kg).
c ADG = average daily gain (g/day).
d EBWG = empty body weight (g/day).
e DMI  = dry matter intake (g/BW0.75/day).
f MEI  = metabolizable energy intake (kcal/BW0.75/day).
g HP = heat production (kcal/BW0.75/day).
h ER = energy retention (kcal/BW0.75/day).
i NI = nitrogen intake (g/BW0.75/day).
j NR = nitrogen retention (g/BW0.75/day).
l SEM = standard error of the mean.
RMSE = 1.790); EBWG (g/day) = −0.864 + 1.138EBW
(r2 = 0.901; RMSE = 1.005) (Table 2). As expected,
the DMI  and MEI  increased linearly (P < 0.001) with
increasing energy levels in the experimental diets:
DMI (g/BW0.75/day) = 35.201 + 14.782ME (r2 = 0.603;
RMSE = 1.657); MEI  (kcal/BW0.75/day) = 37.638 + 75.687ME
(r2 = 0.833; RMSE = 1.745). Considering this lin-
ear increase in MEI, higher energy availability
was observed, which was reﬂected in daily
energy retention, according to the equation: ER
(kcal/BW0.75/day) = −12.092 + 20.553ME (r2 = 0.803;
RMSE = 7.793). Heat production showed a similar per-
formance: HP (kcal/BW0.75/day) = 47.657 + 63.571ME;
(r2 = 0.819; RMSE = 2.301).
Nitrogen intake showed a quadratic response, due
to the reduction in DMI  observed between the 2.18 and
2.62 Mcal/kg DM levels. Based on the regression equa-
tion NI (g/BW0.75/day) = −3.735 + 7.268ME − 1.764ME2
(r2 = 0.791; RMSE = 7.449), the maximum point was
2.06 Mcal/kg DM.  Daily nitrogen retention remained lin-
ear: NR (g/kg BW0.75/day) = −0.087 + 0.338ME (r2 = 0.791;
RMSE = 0.029).
There were no effects of the metabolizable energy con-
centration of the diets on the concentrations of water,
fat, protein, ash or body energy (Table 3). However, there
was a linear effect on the fat concentration in the empty
body weight (P = 0.095) (Table 3). The body composition
of Morada Nova sheep was plotted considering the empty
body weight (using the reference group) (Fig. 1). The graph
followed the same behavior described by NRC (1996, 2007).
A quadratic effect was observed in concentrations of water
and fat with increasing EBW (P < 0.001) (Fig. 1). The per-
centage of protein showed a tendency to decrease linearly
(P = 0.071), representing a decrease of 0.10 percentage
points for each kg of increase in EBW.Regression equations estimating body composition and
weight gain composition were obtained using the data from
the 40 lambs, in order to express their development poten-
tials according to the diets. Regression analysis of body
composition (as a percentage) as a function of EBW showed
a decreasing linear effect on water percentage (P = 0.099)
and an increasing linear effect on fat (P = 0.005), protein
(P = 0.391) and energy percentages (P < 0.001).
Protein, fat and energy content in empty body were cal-
culated using the equations presented in Table 4. Table 5
shows that there was  a considerable increase of 8.5, 56 and
28.6% in the protein, fat and energy content of the EBW of
animals when BW increased from 15 to 30 kg.
After deriving the logarithmic equation for protein, fat
and energy contents in the EB according to EBW, equa-
tions for estimating protein (140.035EBW0.1; r2 = 0.94),
fat (33.419EBW0.548; r2 = 0.94) and energy deposition
(1.021EBW0.314; r2 = 0.91) per kg EBW gain were obtained
for different weights. The increase in animal body weights
from 15 to 25 kg inﬂuenced protein, fat and energy depo-
sition as a function of EBW (Table 6).
Relationship between the logarithm of heat produc-
tion (kcal/kg0.75 EBW) and MEI  is presented in Fig. 2.
The NEm was 52.36 kcal/kg EBW0.75/day. Net energy
requirements vary with the increase of body weight
(0.17–0.22 Mcal/animal/day for lambs from 15 to 30 kg)
and daily gains of 100 g.
From the equation of NR (g/kg BW0.75/day), the
dietary requirement for maintenance was  estimated
to be 1.11 g N/kg BW0.75/day or 6.96 g CP/kg BW0.75/day
(Fig. 3). The daily nitrogen excretion was estimated at
293.17 mg/kg BW0.75/day and the NPm was estimated at
1.83 g/kg BW0.75/day. The net protein requirements for gain
(NPg) of 100 g in BW showed a variation of 8.5%, with an
average 14.53 g of protein for lambs of 15–30 kg BW.
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Table 3
Body composition (g/kg EBW) of Morada Nova lambs fed with different levels of metabolizable energy.
Item Reference ME  level in diet (Mcal/kg DM)  SEM P-value
0.96 1.28 1.72 2.18 2.62 L Q
Water (%) 73.7 73.7 67.8 68.2 66.4 67.7 0.58 0.213 0.178
Fat  (%) 7.5 6.7 10.1 11.2 12.4 12.1 0.37 0.095 0.398
Protein (%) 17.6 15.5 18.4 16.9 17.3 17.2 0.27 0.069 0.078
Ash  (%) 3.5 3.7 3.7 3.0 3.3 3.0 0.08 0.371 0.497
Energy (Mcal/kg EBW) 2.0 2.4 2.8 2.8 2.8 2.9 0.07 0.326 0.081
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%Water = 81.855(3.02) - 1.159(0.02)EBW+0.0231(0.43)EBW² (R²=0.31; 
RMSE=8.863; P<0.001)
%Protein = 15.141(2.82) + 0.104(0.04)EBW (R²=0.11; RMSE=25.307; 
P=0.071)
%Fat =  -0.766(2.54 ) + 1.059 (0.09)EB W - 0.022(0.41 )EBW² (R²=0.52 ; 
RMSE=2.446; P<0.001)
Fig. 1. Body composition Morada Nova sheep in function of EBW.
Table 4
Regression equations estimating empty body weight (EBW) per body weight (BW), empty body weight gain (EBWG), and body composition (protein, fat
and  energy) of Morada Nova lambs fed with different levels of metabolizable energy.
Item Regression equations r2 RMSE P-value
Protein (g/kg EBW) Log Prot. = 2.104 + 1.101 × LogEBW 0.939 0.079 0.124
W 
gEBW 
0.314
4
l
e
r
r
(
t
a
T
E
eFat  (g/kg EBW) Log Fat = 1.334 + 1.548 × LogEB
Energy  (Mcal) Log Ener. = −0.109 + 1.314 × Lo
Energy  (Mcal/kg EBW) Energy = 1.314 × 10−0.109 × EBW
. Discussion
In our study, as expected, the DMI  and MEI  increased
inearly (P < 0.001) with increasing energy levels in the
xperimental diets. The digestibility in the rumen is the
esult of the competition between digestion and passage
ates (Van Soest, 1994), is positively correlated with DMI
Chizzotti et al., 2007). Diets with higher ME  levels con-
ained a greater amount of concentrate and, therefore,
 higher content of non-ﬁber carbohydrates, resulting in
able 5
stimated protein, fat and energy concentrations, as a function of empty body weig
nergy.
Body weight (kg) Empty body weight (kg) Prot
15 10.74 161
20  15.20 167
25  19.67 171
30  24.13 1750.914 0.092 0.036
0.936 0.051 0.026
0.775 0.037 <0.001
maximum synchronization of carbohydrate and protein in
the rumen and, consequently, greater microbial growth
(Russell et al., 1992; Van Soest, 1994).
Extrapolation of the equations presented in this arti-
cle out of the x-space (15–30 kg) must be used with great
care, because while we  can mathematically obtain a pre-
dicted value for the response at point x, we must realize
that reliance on such a prediction is extremely danger-
ous, unless some additional knowledge is available that
the regression equation is valid in a wider region of
ht (EBW) of Morada Nova lambs fed with different levels of metabolizable
ein (g/kg) Fat (g/kg) Energy (Mcal/kg)
.57 79.38 1.64
.32 96.04 1.83
.71 110.60 1.98
.28 123.73 2.11
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Fig. 2. Relationship between the logarithm of heat production (kcal/kg0.75 EBW) a
lambs  fed with different levels of metabolizable energy.
Table 6
Net requirements of protein and energy for body weight gain for Morada
Nova lambs fed with different levels of metabolizable energy.
Body weight (kg) Daily gain (g)
100 150 200 250 300
Energy (Mcal/animal/day)
15 0.17 0.25 0.34 0.42 0.50
20 0.19 0.28 0.38 0.47 0.56
25 0.20 0.31 0.41 0.51 0.61
30 0.22 0.33 0.43 0.54 0.65
Protein (g/animal/day)
15 13.89 20.84 27.79 34.73 41.68
20 14.39 21.58 28.78 35.97 43.16
25 14.77 22.15 29.53 36.91 44.30
30 15.07 22.61 30.14 37.68 45.22
x-space (Draper and Smith, 1981; Regadas Filho et al.,
2013).
Energy required for maintenance is the amount of
energy used in basal metabolism and lost as heat when
an animal is fasting plus the heat of activity and the addi-
tional energy lost when an animal consumes enough feed to
maintain a static body energy content (NRC, 1985). Ferrell
(1988) reported that energy intake affects HP due to an
increase on mass and metabolic activity of visceral organs.
In our study, changes in body energy content were mea-
sured according with the levels of dietetic ME  (r2 = 0.819,
Fig. 3. Relationship between nitrogen retained in empty body weight
and nitrogen intake for Morada Nova lambs fed with different levels of
metabolizable energy.nd metabolizable energy intake (MEI; kcal/kg0.75 EBW) for Morada Nova
SEM = 1.452). The nonlinear regression indicated that HP
increased exponentially as MEI  increased. The results of
Turner and Taylor (1983), using cattle, showed that HP is
greater with increased plane of nutrition, mainly due to an
elevation in metabolism associated with the energy reten-
tion.
The value obtained for net energy for maintenance
(NEM) in our study (52.36 kcal/EBW0.75/day) was similar
to those reported by Galvani et al. (2009), Gonzaga Neto
et al. (2005) and Regadas Filho et al. (2011) of 58.60, 52.49
and 50.72 kcal/EBW0.75/day, respectively. The variability in
estimating NEM might be attributed partly to differences
in mathematical models and accuracy of measurements
(Tedeschi et al., 2002, 2004). The net maintenance require-
ment is also inﬂuenced by the physiological conditions
of age, gender, physical activity and temperature (NRC,
2000, 2007), and is further inﬂuenced by body composi-
tion (Chizzotti et al., 2007), since metabolic activity is more
intense in muscular tissue than in adipose tissue (Garrett,
1980). It is estimated that 50% of the maintenance energy
requirement is consumed in protein recycling and trans-
porting ions through the membranes (Baldwin et al., 1980).
In our study, net energy requirements vary with the
increase of body weight (Table 6). Gonzaga Neto et al.
(2005) estimated the net energy requirement of lambs with
15 kg of body weight gain at 100 g/d to be 0.33 Mcal/day.
This value was 48.48% higher than that described in this
research, which may  be attributable to different methods
or genotypes.
The nutritional requirements may  be different from
those reported for wool sheep in temperate climates. Hair
sheep are well adapted to heat stress and under these envi-
ronmental conditions, they are more efﬁcient than wool
breeds (Solis et al., 1991). According to Silanikove (2000),
goats reared in semiarid regions can develop mechanisms
to diminish their base metabolism, thus reducing their NEm
and the same can occur in lambs from semiarid regions,
such as those used in the present study (Regadas Filho et al.,
2013).The NPm was  estimated as the negative intercept
between nitrogen intake (g/kg BW0.75/day) as a function of
nitrogen retention in the animal body (g/kg BW0.75/day),
multiplied by 6.25 (Chizzotti et al., 2007). Although this
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ethod is the most widely used for estimating protein
equirements for maintenance, it does not allow for the
oss of hair and dermal nitrogen. Thus, it underestimates
he protein required for maintenance.
According to the ARC (1980), NPm was assumed to be
quivalent to the amount of protein that will balance uri-
ary, fecal and dermal N losses, except in growing lambs,
or which no allowance for dermal losses is made. Thus,
ndogenous urinary nitrogen is equivalent to the minimum
 loss arising from inefﬁcient recovery of N compounds
urned over in body tissues and from metabolic reactions
uch as the conversion of creatine to creatinine. However,
ccording to the CSIRO (1990), endogenous fecal nitrogen
s assumed to be composed of residues of body secreti-
ns, such as enzymes and cells from the gastrointestinal
ract. The AFRC (1992) estimated endogenous losses to
e 350 mg/kg BW0.75/day, which corresponds to a NPm
f 2.18 g of CP/kg BW0.75/day, which is 16% greater than
he value obtained in our study. This discrepancy is par-
ially related to differences in experimental methodologies.
n our study, the endogenous N losses were estimated
y regressing NR on NI. On the other hand, the value
eported by the AFRC (1992) was based on data from stud-
es with animals nourished by intragastric infusions, which
ay  overestimate the minimum protein requirements of
ormally fed animals, since they lack a truly functional
icrobial population and, consequently, there is virtu-
lly no conservation of protein by microbial capture of N
ecycled to the rumen (CSIRO, 2007).
In our study, the NPm was 1.83 g/kg BW0.75, a value 17%
reater than the obtained by Silva et al. (2003; 1.56 g/kg0.75
or Ile de France × Polwarth crossbred lambs). Gonzaga
eto et al. (2005) observed a NPm of 2.07 g/kg BW0.75 for
orada Nova lambs. Regadas Filho et al. (2011) reported a
Pm of 1.73 g/kg BW0.75/day for Santa Ines lambs.
Variations in NPm can be considered to reﬂect different
ates of efﬁciency of utilization of amino acids by the tissues
nd the relationship between synthesis and degradation
turnover). These factors can lead to increased or decreased
 loss in urine, mainly as urea, creatinine, bilirubin, allan-
oin, hippuric acid, uric acid and 3-methyl-histidine (NRC,
007; Galvani et al., 2009). The differences can be attributed
o methodological variations (Regadas Filho et al., 2011).
The protein deposition in the empty body has been esti-
ated using the rate of ADG and the composition of the gain
NRC, 2000; Chizzotti et al., 2007). The NPg in our study,
or 100 g in BW (Table 6) showed a variation of 8.5%, with
n average 14.53 g of protein for lambs of 15–30 kg BW.
ccording to the equation described by the AFRC (1993),
he NPg of 200 g for an intact male with 20 kg BW is 28.04 g
f protein/day, which is close to the value of 28.78 g of
rotein/day obtained in our study.
Although the energy/protein ratio was maintained
lmost constant between the diets, the above mentioned
ehavior shows the possibility of no relation of constancy
etween energy and protein when higher performance is
equired from Morada Nova lambs.Our research has provided a greater understanding
f maintenance metabolism, by increasing our knowl-
dge of metabolism in tissues associated with normal
ody function and those directly involved in growth, andesearch 114 (2013) 206– 213
particularly of associated variations in protein turnover.
This will facilitate the identiﬁcation of intrinsic differ-
ences in maintenance requirements. In Brazil, there will
be consequent improvements in models of energy utiliza-
tion and opportunities for increasing productivity through
the selection of animals that are more efﬁcient as a result
of lower maintenance needs.
5. Conclusion
The net energy and protein requirements for mainte-
nance and gain in Morada Nova lambs is lower than the
values commonly recommended by the main evaluation
systems of feed and nutritional requirements for sheep.
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